We analyze the inclusive b(c) → s(u)µ + µ − and the exclusive B(D + ) → K(π + )µ + µ − flavour changing neutral current decays in the light of HyperCP boson X 0 of mass 214 MeV recently observed in the hyperon decay Σ + → p µ + µ − . Using the branching ratio data of the above inclusive and exclusive decays, we obtain constraints on g 1 (h 1 ) and g 2 (h 2 ), the scalar and pseudo-scalar coupling constants of the b − s − X 0 (c − u − X 0 ) vertices.
Introduction
The standard model(SM) despite of it's enormous experimental success, has some drawbacks arising from our little understanding of the quark and lepton flavour structures. The CKM matrix which tells about the mixing and the CP-violation in the quark sector, lacks any dynamical mechanism in it's origin. An urge for going beyond the SM by invoking nonstandard new physics(NP) has become a driving force of the present-day phenomenological studies. Ideas like supersymmetry, technicolor, extra-dimension(s), little higgs model, unparticle physics, as a candidate of new physics, has drawn a lot of attention among the particle physics community. Experiments at colliders like Large Hadron Collider(LHC), upcoming International Linear Collider(ILC) will be the testing ground of all these novel ideas.
Recently the HyperCP collaboration found three events in the hyperon decay Σ + → p µ + µ − [1] . In the di-muon invariant mass distribution plot (within the detector resolution)
those were found to be localized at around ∼ 214 MeV. The standard model alone cannot explain such distribution. To explain this they predict the existence of a new spin zero boson X 0 (214) which causes the flavour changing neutral current(FCNC) transition s → dX 0 followed by the HyperCP decay X 0 → µ + µ − . Usually in the standard model the FCNC processes are predominantly loop-mediated, so the tree-level FCNC process caused by this newly found X 0 boson spurs into a whole lot activity resulting several interesting phenomenological studies [2] . If such a boson X 0 indeed exists, one could also expect it to couple, besides (sd) system, to (cu), (bd) and (bs) systems. So far no study comprising the X 0 boson couplings to (cu) and (bs) are available. In the present work we explore these new couplings of the X 0 boson and discuss the experimental constraints on such couplings which follows from the inclusive b(c) → s(u)µ + µ − and exclusive B(D
where the muon pair is produced from the decay of X 0 boson.
We organize our paper in the following way. We analyze the inclusive b → sµ + µ − and the exclusive B → Kµ + µ − decays within the SM and in the light of X 0 boson in section 2.
In section 3 we discuss in detail the inclusive decay c → uµ + µ − and the exclusive decay 
where the operators O i ( i = 9, 10) (semileptonic operators involving electro-weak (γ, Z)
penguin and box diagram) and O 7 (magnetic penguin). The penguin and box diagrams 
which gives rise the above b → sµ + µ − transition, are shown in Figure 1 . The relevant operators are given by [4] 
Here
(1 ± γ 5 ) are the chiral-projection operators. α(= The squared amplitude
can be expressed as
The direct and interference terms of the Eq. (3) are listed in Appendix A.1.
Next we are to see the effect of the newly found spin zero HyperCP boson X 0 in the b → sµ + µ − decay which can potentially be significant at the tree level. The effective interaction describing such a FCNC decay as mediated by X 0 boson can be written as
where g 1 and g 2 are the scalar and pseudo-scalar coupling constants of the X 0 boson with the b and s quarks and l 1 and l 2 are the scalar and pseudo-scalar coupling constants of the X 0 boson with the muon pairs. To find the HyperCP boson contribution, we work under the following assumption: we assume that the X 0 boson is produced as a real particle in the b → sX 0 decay process and then decays to a muon pair X 0 → µ + µ − . The squared amplitude comprising the SM and NP contributions can be written as
Several terms of Eq. (5) are given in Appendix A.1 and A.2.
The decay width
where |M SM | 2 is given in Eq. (3). In Eq.(6) z = cosθ ′ , where θ ′ is the angle in the center-ofmass frame of µ + and µ − and
In above 
. Under the assumption of the real X 0 production, the NP contribution to the Γ(b → sµ + µ − ) N P reads as
where
The exclusive decay
B → Kµ + µ − :
SM and HyperCP analysis
The exclusive semi-leptonic decay
is found to be dominated by the same set of operators (see Eq. (1)). The hadronic matrix elements necessary are [5] 
where q = p B −p K = p 1 +p 2 . Since m µ ≪ m b , the q µ term in above equations gives negligible contribution. Working within the single pole with mass ∼ m B , the q 2 dependence of the form factor can be written as
In the relativistic constituent quark model [6] , we find
The full SM calculation gives the decay width
where S Considering the X o production as a real on-shell production, the squared-amplitude |M ′ N P | 2 can be written as
where the direct term is given in Appendix B.2. The X 0 boson contribution to the decay
3 The inclusive and exclusive decays: c → uµ 
The inclusive decay c → uµ
+ µ − :
SM and HyperCP analysis
For the inclusive c → uµ + µ − decay it was found that the leading order rate is being suppressed by the QCD corrections within the Standard Model and a low dimuon m µµ (=
2 ) have large impact on such decay.
The lagrangian describing the c → uµ + µ − FCNC transition can be written as
6 where the operators are given by [7] 
and the effective wilson coefficients c
and c ′ 10 are evaluated at the scale µ = m c . The wilson coefficients required to evaluate the decay rate are given in the numerical analysis section. The decay rate is found to be
where the terms in amplitude square can be obtained from those obtained in section 2.1 by the following set of replacements:
Next to find the HyperCP contribution to the inclusive decay c → uµ
in the high di-muon invariant mass such an effect is overshadowed by the long-distance contribution, in the low invariant mass region, one might single out the X 0 contribution.
Treating X 0 production in c → uX 0 decay as on-shell, the HyperCP contribution to the decay rate Γ(c → uµ + µ − ) N P can be written as
where |M 
where h 1 and h 2 are the scalar and pseudoscalar couplings of the c − u − X 0 vertex).
The exclusive decay
D + → π + µ + µ − :
SM and HyperCP analysis
The exclusive D + → π + µ + µ − decay rate is dominated by [7] the long-distance resonant contributions at di-muon invariant mass m µµ = m ρ (0.776), m ω (0.782) and m φ (1.02) (quantitities inside brackets indicates meson masses in GeV) and above this even the strongest NP contribution can not change the decay rate significantly. However in the low m µµ region in the presence of a light scalar-pseudoscalar particle(the HyperCP boson X 0 (0.214)) the situation might change and one can single out the HyperCP contribution to this exclusive 7 semileptonic charm decay. The dynamics of this exclusive decay rate is governed by the same effective hamiltonian Eq. (18). Since the process is an exclusive one, the hadronic matrix elements required to be evaluated are [7] π
Note that since m µ ≪ m c , the q µ term in above two equations gives negligible contribution. As described before, we will be working within the single pole with mass ∼ m D and the q 2 dependence of the form factor can be written as
The decay width Γ(D we replace g 1 (g 2 ) by h 1 (h 2 ) and the set of substitutions just mentioned above.
Input parameters
The decay rate depends on the CKM matrix elements, wilson coefficients, quark and lepton masses and the non-perturbative input e.g. form factors.
CKM matrix elements, quark masses, wilson coefficients and form factors
We adopt the Wolfenstein parametrization with parameters A, λ, ρ and η of the CKM matrix as below
We set A = 0.815 and λ(= sin θ c ) = 0.2205 in our analysis. Other relevant parameters are ρ = ρ 2 + η 2 cosγ and η = ρ 2 + η 2 sinγ, where ρ 2 + η 2 = 0.3854 and γ ≃ 70 o [9] . For the quark masses we take their current value i.e. = 10 −4 /(V * cb V ub ) and c 10 = 0 (evaluated at µ = m c in the NDR scheme) [7] .
For the form factors we will be working within the constituent quark model(CQM). In the present analysis we have used f 
Numerical Analysis: Results and Discussions
In this section we obtain bounds on the scalar and pseudoscalar couplings by making the 
SM and HyperCP analysis of b → sµ
In the standard model, the branching ratio for the inclusive b → sµ + µ − decay is found to be 5.9 × 10 −6 and for the exclusive B → Kµ + µ − decay it is about 5.78 × 10 −7 [8] . Since the branching ratio data of these inclusive and exclusive decays does not differ widely from the SM expectation, one would rather expect some stringent bounds on the couplings of the HyperCP boson X 0 with the SM fermions.
Analysis of the
The BELLE group found BR(b → sµ + µ − ) = 7.9±2.1+2.1(−1.5)×10 −6 [10] which is slightly larger than the SM value(see above). To see the effect of
assume that X 0 boson is produced as a real on-shell particle which we already mentioned.
The SM contribution which acts as a background, is considered only for the invariant mass interval (m X − 0.004) 2 ≤ S 1 ≤ (m X + 0.40) 2 in order to manifest the HyperCP boson effect prominent and is found to be
whic is one order smaller than the experimental result [10] . This gives rise very tight constraints on the coupling constants g 1 and g 2 which we will see shortly. To obtain these constraints we develop the following strategy: we construct a quantity ∆ i defined
Note that ∆ i (by definition) is sensitive to the NP. We fit this quantity with the X 0 contribution and obtain constraints on the scalar g 1 and pseudoscalar g 2 coupling constants. In Figure 3a we have shown the contour plots in the g 1 − g 2 plane corresponding to ∆ i (i = 0, 1, 2) at the 0σ, 1σ and 2σ level by setting BR[X 0 ] → µ + µ − = 1 and similarly in Figure 3b corresponding to In Figures 3a and 3b , the region below the lowermost curve is
, whereas the region lying below the middle curve is allowed by
.968 × 10 −6 and finally the region below the uppermost curve is allowed by
. This gives rise the upper bounds on g 1 and g 2 which we will see next. From the intersection of the lowermost curve of Figures 3a and 3b , respectively.
The branching ratio BR(B → Kµ + µ − ) within the SM is found to be 0.58 × 10 −6 and differs slightly from the data which is about (0.99 +0.40 +0.13 −0.32 −0.14 ) × 10 −6 [11] . In order to get an enhanced HyperCP effect, we consider the SM contribution with the invariant mass S
and this gives
which is two order smaller than the experimental result [11] . This gives rise very tight constraint on g 1 and g 2 . We follow the strategy of the inclusive case. We define ∆ i (= In Figures 3c and 3d we have plotted i (i = 7, 9, 10) which are listed in earlier section. Using those we find [7] BR(c → uµ
No data for the inclusive c → uµ + µ − decay rate so far is available. For our analysis what we do is as follows. First, we define the quantity
Note that in the HyperCP effect in the c → uµ + µ − decay, we assume that the X 0 boson is 
− decay rate within the SM is found to be largely controlled by the long-distance resonance (ρ, ω and φ mesons) contribution. To study the X 0 (m X = 0.214
GeV) impact on this exclusive decay we exclude those resonance contributions (background)
2 so that the HyperCP contribution does not get overshadowed by the SM one. We find the BR(D
which is much smaller than that obtained after including resonance contribution. For example, after the inclusion of the φ resonance one finds BR( [7] which is comparable with the present experimental upper bound 8.8 × 10 −6 . Anyway still there is a narrow window for the NP.
Since both D + and π + are pseudo-scalar mesons, the upper bound only on the scalar HyperCP coupling h 1 is obtained. As before we define the quantity
With the hope that in future the data will deviates from the SM result substantiably, we 
Summary and Conclusion
The HyperCP X 0 boson found in the Σ + → pµ + µ − decay, besides it's coupling to the (ds) system, can also couples to the (bs) and (cu) systems and this possibility is explored here. 
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B.2 X 0 boson contribution
The X 0 boson contribution (Eq. (16)) can be written as
